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INTRODUCTION 
Through the ages, people have been confronted with the problem of 
storing food after the harvest season for consumption during the winter 
months. Foods have been preserved by dehydration, canning, and refrig-
eration. However, people usually prefer fresh vegetables if available. 
Carrots and potatoes can be stored fresh, but they start sprouting and 
shriveling unless the temperature and humidity are carefully controlled. 
Every year many tons of these vegetables become unfit for human con-
sumption as a result of sprouting and breakdown in storage. 
Some chemicals have been used with various degrees of success in 
preventing sprouting of certain vegetables. The chemicals were applied 
as a pre-harvest foliar spray or directly on the tubers or on the roots. 
In 1954, a law was passed by the United States Congress authorizing 
the release of small amounts of radioactive materials to study the 
peaceful uses of atomic energy. Since that time, many institutions 
have been awarded grants and contracts to work on various phases of 
food preservation by atomic energy. Through this program, the investi-
gators at the Utah State University have been studying certain methods 
of extending the "shelf life" of fresh vegetables and fruits by gamma-
rays. 
The investigations presented in this thesis are of preliminary and 
general nature. They were mainly concerned with effects of the dose and 
the rate of gamma radiation on sprout inhibition, chemical, histological, 
and sensory quality changes in carrots and potatoes when stored at dif-
ferent temperatures. In addition, studies were conducted to combine the 
thermal and the radiation treatments with the assumption that the 
"threshold" radiation dose may be lowered. The application or the work 
presented herein constitutes a new approach to the problems of vegetable 
preservation. The success of this new field will depend upon improved 
methods and techniques in handling the material and the economics of the 
gamma-ray source. 
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REVII!."W CF LITERATURE 
In the last 15 years, extensive studies have been conducted to find 
the chemicals that would prevent sprouting and growth of vegetables in 
storage. Experiments have been conducted recently using ionizing 
radiation as a means of inhibiting sprouting of vegetables. The pub-
lished literature in the latter field, therefore, is limited. 
The chemicals that have shown some promise as sprout inhibitors 
are: methyl ester of naphthalene acetic acid (MENA), isopropyl-N-
phenylcarbamate (IPC), isopropyl-N-(3-chlorophenyl) carbamate (CIPC), 
2 ,3,4,6-tetrachloro-1-nitrobenzene (TCNB), maleic hydrazide (MH), 2,4,5-
trichlorophenoxyacetic acid (2,4,5-T), and 2,4-dicholoro-phenoxyacetic 
acid ( 2 ,4-D). The effect of these with other chemicals is briefly re-
viewed. 
Sprout Inhibition ~ Chemicals 
Potatoes 
Using weak concentrations of MENA (less than 100 milligrams MENA 
per kilogram potato) resulted in good, although not complete, control 
of sprouting in potatoes in experiments run by Findlen (15), Pujals, 
Nylund, and Krantz (40), Gandarillas and Nylund (17), Sawyer and Dallyn 
(47), Kardos and Blood (24), Ellison and Smith (13), Ellison (11), 
Ellison and Cunningham (12), Marth and Schultz (30), Isbell (23), and 
Emilsson ( 14). 
A complete control of sprouting in potatoes was obtained by using 
high concentrations of MENA (100 to 400 milligrams MENA per kilogram 
potato) in tests conducted by Denny (9) and Denny, Guthrie, and 
Thornton (10). 
Wagner, Simon, and Hemphill (56) tested 18,000 pounds of potatoes 
for the army. They treated the potatoes with MENA and shipped them to 
Alaska with regular potato shipments. Under these conditions, they did 
not find any difference in the amount of sprouting of the treated and 
nontreated potatoes. 
In tests conducted by Rhodes,~ al• (42) and Emilsson (14), IPC 
proved to be a very good sprout inhibitor. However, Marth and Schultz 
(JO) and Sa•oyer and Dallyn (47) demonstrated that CIPC was more effective 
than IPC. Heinze, Marth, and Craft (22) reported that CIPC completely 
controlled sprouting in potatoes, 
According to Ellison (11), Ellison and Cunningham (12), Brown (5), 
and Emilsson (14), TCNB is an effective sprout inhibitor. However, 
TCNB was not as promising as other chemicals tested by Sawyer and 
Dallyn (47) . 
MH was recognized as an excellent s prout inhibitor by Franklin and 
Thompson (16), Paterson (J6), and Rao (41). On the other hand, Findlen 
(15), Marth and Schultz ()0), Sawyer and Dallyn (47), and Emilsson (14) 
did not find MH very effective as a sprout inhibitor on potatoes. 
Potato sprout inhibition was not accomplished by spraying 2,4,5-T, 
in results obtained by Marth and Schultz (30) and Ellison (11). Never-
theless, Marshall and Smith (29) and Ellison and Smith (1)) noted some 
reduction in sprouting of potatoes treated with 2,4,5-T. 
Payne, ~ Ql. ()7) reported a decrease in the total weight of 
potato sprouts during storage, but an increase in the number of sprouts 
when 2,4-D was sprayed on the foliage. 
Findlen (15) using alpha-chloronaphthalene received good sprout 
control but it, also, caused injury to the tuber. 
Bradley and Dean {J) reported that naphthaleneacetic acid was sat-
isfactory in inhibiting potato sprouting. 
5 
Burton (7) obtained a complete control of potato s prouting from the 
following alcohols: ethyl, iso-propyl, n-amyl, tertiary-amyl, secondary-
heptyl, and 3,5,5-trimethyl-hexan-1-ol. 
~ 
Wittwer, ~ al• (58) a pplied various chemicals as foliar sprays on 
Nantes, Danvers, and Chantenay carrots 4 days prior to harvest. After 
the carrots were stored for J months at 50Dy., the MH and benzotheazol-
2-oxyacetic acid treatments resulted in almost complete inhibition of 
s prouting, Carrot sprouting showed a significant decrease with the use 
of the sodium salt of alpha-naphthaleneacetic acid but along with 2,4,5-T 
and alpha,ortho-chlorophenoxyacetic acid contributed to the formation of 
callus tissue. Paterson (36) sprayed MH as a foliar application 10 days 
before harvest and found a pronounced reduction in the s prouting of 
carrots in storage. 
A significant decrease in sprouting during storage was obtained by 
using the sodium salt of alpha-naphthaleneacetate and 2,4,5-T as foliar 
sprays on Red Core Chantenay carrots. The sodium salt, methyl, and 
isopropyl esters of 2,4,5-T and ~~A were applied directly to the 
carrot roots and all inhibited sprouting, but the esters of 2,4,5-T 
caused root damage stated Dallyn and Smith (8). 
In Finland, Mukula (34) demonstrated that !PC, CIPC, and MENA 
prevented sprouting of carrots. 
~ Inhibition £l Irradiation 
Potatoes 
Sparrow and Christensen (53) irradiated potatoes with various doses 
of X-rays prior to planting. Potatoes that received a dose of 
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1,200 r 1 produced 25 per cent less potatoes at harvest than the nontreat-
ed, while potatoes receiving 4, 800 r produced 96 per cent less potatoes 
than the nontreated when harvested. In another experiment, they planted 
potatoes at varying distances from a co60 source. The potatoes received 
continous gamma radiation during the growing season. Over this period, 
the potatoes accumulated from 28 to 8,529 r but there was no sign o! 
adverse effects. 
60 Katahdin potatoes were irradiated by gamma-rays from a Co source 
~p to 106,250 r. After 18 months storage, some sprouts appeared on the 
potatoes given 5,000 r but there were no sprouts on the potatoes re-
ceiving 20,000 r or higher, in studie~ conducted by Sparrow and 
Christensen (54). Green Mountain potatoes were irradiated by Sawyer 
and Dallyn (46) with gamma-rays from a Co60 source. There were no 
sprouts on the potatoes receiving 10,000 r or the potatoes given 5,000 r 
and stored at 40°F. but some sprouting of the 5,000 r lot, when stored 
at 50° and 70°F. Heiligman (21) irradiated potatoes with gamma-rays 
from a Co60 source up to 200,000 reps.2 There was only rare sprouting 
in potatoes receiving 10,000 reps and stored for 2 months at 71.6°F, 
but no sprouting in the potatoes stored at 55.4°F. 
Potatoes irradiated with gamma-rays to doses of 10,000 and 12,000 r 
did not sprout for 7 months at 50° or 70°F., in studies by Sawyer and 
Dallyn (47). Potatoes irradiated to 7,000 reps and 21,000 reps were 
2. 
r (roentgen) The roentgen is a measure of X-ray radiation in a 
particular region. One roentgen produces one electrostatic unit 
of charge as a result of ionization in one cubic centimeter of 
dry air at standard temperature and pressure. 
rep (roentgen equivalent physical) is that amount of nuclear 
radiation which dissipates 93 ergs (some workers use 83 ergs) of 
energy per gram of tissue producing 1.61 x 1012 ion pairs in the 
process. It is approximately equal to the amount of energy that 
would be dissipated by a one roentgen X-ray beam in a gram of 
tissue. 
prevented from sprouting in studies run by Pedersen (38). Mikaelsen and 
Roer (33) did not find sprouts on potatoes irradiated with gamma-rays to 
10,000 rand stored for 1 year at 39.2° to 42.8oy. Schwimmer,~ il• 
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1 (49) irradiated potatoes to 14,000 rads with gamma-rays, and the sprouts 
were le~s than 1 millimeter after 35 weeks at 40° and 70oy, 
Brownell, ~ Ql. (6) found ~prouting on the potatoes irradiated with 
gamma-rays to 5,000 reps and limited sprouting on a few potatoes that 
received 10,000 reps. 
Sparks (52) stored potatoes which were irradiated with gamma-rays 
from fission product wastes. Russet Burbank potatoes irradiated to 
10,000 reps were effectively inhibited from sprouting for 24 months. 
Carrots were irradiated with gamma-rays to a dose of 0, 5,000, 
10,000, and 15,000 r by Mikaelsen, Brenna, and Roer (32). The carrots 
were stored in moist sand in wooden boxes at 53.6° to 59.0°F. for 6 
months and at 59.0° to 64,4°F. for 2 additional months. There was no 
sprouting of the carrots receiving a dose of 10,000 r and higher. In 
the 10,000 and 15,000 r carrots, there was an increase in rotting. 
Chemistry, Histology, ~Quality 
Potatoes 
Moisture. The moisture content of several varieties of potatoes 
1. rad is equal to the unit of absorbed dose and is 100 ergs per gram. 
In comparing the relative biological effectiveness of the radiation 
it is now considered best to do this on the basis of the total 
energy absorbed in the tissue rather than the amount of ionization 
taking place. (As recommended by the Sixth International Congress 
of Radiology in 1950, the dose i~ expressed as follows: "For the 
correlation of the- dose of an ionizing radiation with its bio-
logical or related effects the International Commission on 
Radiological Units recommends that the dose be expressed in terms 
of quantity of energy absorbed per unit mass (ergs per gram) of 
irradiated material". For this rea~on the radiation dose is ex-
pressed in rads rather than reps orr in this thesis). 
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varied between 74.1 and 81,9 per cent in tests conducted by Headden (20), 
Brautlecht and Getchell (4) reported that the average moisture content 
of potatoes was 79 per cent with a minimum of 68 per cent and a maximum 
~~per a~. 
Schwimmer, ~ ~. (48) noted the moisture content of Russet Burbank 
potatoes stored at 40°F. for 18 weeks varied from 77.1 to 78.2 per cent 
and those at 70°F. varied from 77.1 to 77.8 per cent. 
Starch, Schwimmer,~~. (48) tested potatoes stored at 50~. for 
18 weeks. The starch content of these potatoes varied over this period 
from 77.5 to 79,3 per cent for the variety White Rose and from 74.4 to 
78.7 per cent for Russet Burbank (dry weight basis), In studies con-
ducted by Arreguin-Lozano and Bonner (2), the starch was 61 to 67 per 
cent of the dry weight of the potatoes. 
Studying the starch content of common, domestic, and foreign 
varieties of potatoes grown in l1aine, Brautlecht and Getchell (4) found 
the average starch content was 15 per cent with a minimum of 8 per cent 
and a maximum of 28 per cent. Treadway, Walsh, and Osborne (55) stated 
that Katahdin potatoes had 12,1 per cent starch, and Green Mountain 
potatoes had 14.7 per cent, s11bsequent to 29 weeks storage at 6oDf. 
(moist weight basis), 
Brownell, ~ ~. (6) tested Sebago and Russet Rural potatoes irrad-
iated up to 200,000 reps and then stored at 45or. After 8 weeks of 
storage for the v~riety Russet Rural and 10 weeks for Sebago, the 200, 
000 reps potatoes had4 per cent less starch than the nontreated. 
Roberts (43) studied potato starch that was irradiated with high 
energy cathode rays. As the dose increased from 0 to 100 megareps 1 . 
1. 1 megarep equals 1,000,000 reps. 
the starch decreased from 81.4 to 54.0 per cent. 
Salunkhe (44) studied lima beans irradiated up to 100 megareps and 
discovered that starch and amylose decreased as the dose of radiation 
increased. 
Sugars. While studying Russet potatoes, Arreguin-Lozano and Bonner 
(2) found that after 2 weeks at different storage temperatures sucrose 
varied from 0.8 per cent to 6.7 per cent, fructose from 0.2 per cent to 
1.5 per cent, and glucose from 0.5 per cent to 0.8 per cent (dry weight 
basis). 
Watada and Kunkel (57) tested Russet Burbank potatoes after 4 weeks 
storage at 40° to 50°F. and found 1 per cent reducing sugars, but after 
14 weeks at ))°F. they had 13 per cent reducing sugars. Schwimmer, ~ 
&l· (48) stored Russet Burbank potatoes for 18 weeks at 40~ •• and the 
reducing sugars increased from 0.6 per cent to 1.9 per cent and sucrose 
from 0.5 per cent to 1.) per cent (dry weight basis). 
Studying several varieties of potatoes grown at different locali-
ties in Colorado, Headden (20) noted that the reducing sugars varied 
from 0.0 to ).2 per cent and total sugars from 0.0 to 4.7 per cent, and 
Brautlecht and Getchell (4), while conducting many studies, found the 
reducing sugars in potatoes varied from 0 to ).0 per cent and sucrose 
from 0 to 5.2 per cent. Treadway, Walsh, and Osborne (55) observed 
that Katahdin potatoes stored for 29 weeks at 6o°F. had 0.6 per cent 
total sugars and 0.4 per cent reducing sugars, while Green Mountain 
potatoes had 1.) per cent and 0.7 per cent respectively (moist weight 
basis). 
Schwimmer, ~ al· (49) irradiated potatoes to 5,200 and 14,000 
rads and stored them at 40°F. for 245 days. The reducing sugars were 
0.7, 0.8, and 0.8 per cent and total sugars 1.0, 1.1, and 1.2 per cent 
9 
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for the control, 5,200 rads, and 14,000 rads respectively. Brownell, ~ 
il· (6) did not find a pattern in the affect of dose on sugars measured 
after irradiation from 0 to 200,000 reps. The reducing sugars varied 
from 0.6 to 1.0 per cent in the variety Sebago and 0.4 to 0.7 per cent 
in the variet y Russet Rural. Sucrose varied from 0,1 per cent to 0,4 
per cent and 0.2 per cent to 0.) per cent respectively for Sebago and 
Russet Rural potatoes (moist weight basis). 
Roberts (43) studied potato starch that was irradiated with high 
energy cathode rays. As the dose of irradiation increased from 0 to 
100 megareps, the per cent of total sugars increased from 0 to 10.9 
per cent. 
Wolfrom, ~ il• (59) compared the effect of beta-rays and soft X-
rays on sucrose. wben a 50 per cent aqueous solution of sucrose was 
irradiated with )8 megareps of beta-rays, the sucrose was 21.1 per cent 
hydro~ed but with the same dose of soft X-rays 2.9 per cent hydroloyzed, 
Salunkhe (44) irradiated lima beams up to 100 megareps and found 
that reducing and total suears increased as the dose of radiation in-
creased. 
~· Smith, Nash, and Dittman (51) studied the pH of potatoes stored 
at 100°F. Arter 22 hours of storage, the pH was 6.19 and changed to 5.6o 
after 76 hours. 
Smith and Kelly (SO) stated that the pH of potatoes stored at 50°F. 
for 6 days increased from s.so to s.es. 
Histology. Salunkhe (44) reported that the separation of the cells 
from each other in irradiated lima beans may be due to the destruction 
of constituents of the middle lamellae and of the plasmodesmata. 
Roberts (4)) investigating potato starch reported that as the dose 
of radiation increased the outer lamellae of the starch grains were 
11 
separating. 
Quality. Salunkhe, ~ Al· (45) and Paterson ()6) found potatoes 
sprayed with l1H as a pre-harvest foliar spray resulted in better quality 
potato chi ps than from nonsprayed potatoes. 
Schwimmer, ~ al. (48) found that the color quality of potato chips 
decreased as the dose of radiation of the potatoes increased. 
There was no pronounced effect of radiation on the flavor of pota-
toes in studies by Heiligman (21), 3parr ow and Christensen (54). and 
Mikaelsen and Roer (3)). 
~ 
Quality. Mikaelsen, Brenna, and Roer ()2) did not find any dif-
ference in the flavor of irradiated and nonirradiated carrots. 
METHODS AND MATERIALS 
Gamma Radiation Technique 
Carrots and potatoes were irradiated at the Material Testing 
Reactor Station near Area, Idaho. The source of gamma-rays was active 
spent fuel (uranium 235) rods J inch~ by J inches by 26 inches. These 
rods were placed around an aluminum tube at the bottom of a canal filled 
with 18 feet of water. The rate of radiation was arranged by placing 
the fuel rods at varying distances from the aluminum tube. The rate of 
radiation was determined by dosimeter measurements, and from this the 
time required for the particular dose was calculated. Two No. 10 cans, 
one on top of the other, were placed in a wire cage with a lead weight 
attached. The cans were lowered inside the aluminum tube to the level 
of the fuel rods and irradiated for half the calculated time required 
for the dose. The cans were then raised to the surface, and the top 
can pl a ced on the bottom. The cans were rearranged because the fuel 
rods do not emit rays at the same rate along their length. By chang-
ing the cans in this manner, both of them received the same amount of 
radiation. Subsequently, the cans were again lowered down in the tube 
for the last half of the dose. The cans were stored at 40°F. before 
and after the radiation process. 
Sprout Inhibition, Quality, Physical, and Chemical Changes 
of Gamma Irradiated ~ and Potatoes 
Three experiments were arranged to study the sprout inhibition 
and quality of gamma irradiated carrots. They were as follows: to 
study the effect of radiation dose, effect of dose and rate of irrad-
iation, and the effect of a pre-radiation thermal treatment and dose 
of irradia tion. 
For the first two experiments, carrots were procured from Pacific 
Fruit and Produce Company, Logan, Utah. These carrots were grown in 
California, the foliage had been removed, and they had been shipped in 
perforated plastic bags. The carrots were hand picked from these bags 
to secure a uniform size with undamaged growing points. The carrots 
(variety-Long Imperator) for the third experiment were obtained from a 
grower in Preston, Idaho. The carrots were dug from the field, and the 
top leaves cut off about one-half inch above the carrot. 
Two additional experiments were conducted to study the sprout in-
hibition, physical, chemical, and histological changes in gamma irrad-
iated potatoes. For these experiments the U.S. No. 1 potatoes (variety 
Russet Burbank) were obta ined from Pacific Fruit and Produce Company, 
Logan, Utah. 
The day prior to irradiation the carrots and potatoes were placed 
in No. 10 tin cans, sealed, and stored at 40°F. 
A taste panel, consisting of 10 trained judges (staff members and 
students), was arranged with the cooperation of the Food and Nutrition 
Department. The acceptability of the carrots was determined using the 
Hedonic Scale (39) as shown in Figure 1. A score of nine indicated an 
extreme like, one an extreme dislike, and a score of five or higher was 
considered acceptable. 
13 
Experiment I: ~of radiation~ .Q!l sprout inhibition and sensorY 
quality of~ 
The carrots were irradiated to 0, 9.), 18.6, 37.2, 65.1, and 93.0 
kilorads1 at 93.0 kilorads per hour at 78°F. There were 16 cans con-
taining nonirradiated carrots and eight cans for each dose of radiation. 
1. 1 kilorad equals 1,000 rads, 
UTAH STATE UllllVERSITY LIBBAB't 
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Prior to s torage, the total weight of the carrots in each can was record-
ed, Half of the nonirradiated carrots and half of the irradiated carrots 
at each dose were stored in rooms at 50° and 700y, for sprouting studies, 
The cans containing the carrots were covered with moist burlsp sacks to 
maintain higher moisture in the air around the carrots, in an attempt to 
decrease the moisture loss from the carrots. The length of the carrot 
sprouts was measured at 2-week intervals for those stored at 700y, and 
at 4-week intervals for those stored at 5oor. The experiMent waster-
minated after 4 weeks for the carrots stored at 70or. and 12 weeks for 
the carrots stored at 50°F, The sprouts from the carrots vbich were 
stored at 500y, were removed at the end of the experiment. The carrots 
and sprouts were weighGd separately to determine weight losses. Carrots 
stored at 50°F. for 3 months were evaluated for sensory quality changes, 
Experiment II : Effect of radiation dose and radiation rate on snrout 
---- -- -- --- .....___ 
inhibition and sensory quality of ~ 
Carrots for this experiment were irradiat ed to 0, 27.9, 37.2, 46.5, 
55.8, and 65.1 kilorads at 9.3, 5) .0, and 99.5 kilorads per hour at 780y, 
There were 24 cans of nonirradiated carrots and 4 cans of each of the 
radiation treatments. Subsequent to irradiation, the carrots were 
individually weighed and numbered with India ink for identification. 
The carrots were packed in a sand-sawdust mixture with the tops of the 
carrots just above the surface of the packing. The packing was kept 
moist, during the experiment, in an attempt to reduce shriveling and 
moisture losses. Half of the nonirradiated carrots and half of the 
irradiated carrots were stored in rooms at 50° and 70Cy, for sprout-
ing studies. 
The length of the sprouts was measured at 2-week intervals for 
the carrots stored at 700y, and at 4-week intervals for the carrots 
15 
stored at 50~. The experiments were terminated after 4 weeks for the 
carrots stored at 70~. and 12 weeks for those stored at 50~. The 
sprouts from the carrots which were stored at 50~. were removed at the 
end of the experiment. The carrots and sprouts were weighed separately 
to determine weight losses, A taste test was conducted before and after 
the storage. 
Experiment III: Effect of radiation dose and pre-irradiation ~ 
treatments £!2 sprout inhibition and sensory quality of ~ 
The cans containing carrots for the experiment were irradiated in 
a chamber designed for aeration. This chamber was constructed so that 
fresh air could be circulated through the cans during the process of 
radiation. For this experiment, the air hose connections were capped, 
and the chamber was used just as an air tight chamber, 
The cans containing carrots for this experiment were divided into 
three categories after sealing the perforated cans: 
1. The cans containing carrots in category one were stored at 
40~. before and after irradiation. 
2. The cans containing carrots in category two were removed from 
storage at 40~. and placed in water at 80~. for 20 minutes prior to 
radiation. The water was allowed to enter the cans through the per-
forations and then drained off before placing them in the chamber for 
radiation. 
J , The cans containing carrots in category three were treated as 
discussed in category two with the water at 120°F. 
The carrots were irradiated to 0, 2 .33, 4.65, 9.30, 18.6o, and 
37.20 kilorads at 287.40 kilorads per hour at 78~. Prior to storage, 
the total weight of the carrots in each can was recorded, and the car-
rots were packed in moist sawdust. The top of the carrots was just 
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above the level of the sawdust. The sawdust was kept moist, during the 
experi ment, in an attempt to reduce shriveling and moisture losses. The 
carrots were stored at 50~. for 4 months. At the end of the experiment, 
the sprouts were removed. The sprouts and carrots were then weighed sep-
arate~ to determine growth and weight changes. Representative samples 
were used for flavor apprai~al studies before and after storage. 
Experiment IV: ~of radiation dose £!l sprout inhibition and 
ohysical changes ~ potatoes 
The cans containing potatoes were irradiated to 0, 4.65 , 9 . )0, and 
13.95 kilorads at 93.0 kilorads per hour at 78°F. The potatoes were 
placed in storage at 50~. for 9 months. The sprouting of the potatoes 
was noted during this time. 
At the end of the experiment, three potatoes from the 0, 4.65, and 
9 .30 kilorads lots were used for shear-press determinations (25). From 
each potato , a 60-gram sample was removed and sheared. The maximum pres-
sure (pounds) required to shear each sample was recorded. 
Experiment V: Effect of radiation dose £!l pl!ysical, chemical, and 
his tological changes in potatoes 
Cans containing potatoes were irradiated to 0, 0. 9) , 1.86, 3 .72, 
7 .44, 9. 30, 18.6o, and 37. 20 megarads at 0.93 megarads per hour. 
Upon return to the Horticultural Laboratories of Utah State 
University, the cans were opened. The color and physical appearance of 
t he potatoes was noted. Representative samples of the tuber plus skin 
were taken from the potatoes. A 100-gram sample was placed with 100 co 
of 95 per cent ethanol in a Waring Blender for 5 minutes at high speed. 
The slurry was poured into a weighed quart jar with a mason type lid. 
Additional ethanol (300 co) was used to rinse the blender and was added 
to the original slurry. Four ethanol slurries were made from the 
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potatoes at each dose. 
For the following determinations, the potato-ethanol slurries were 
s tir red in the quart jar with a Hamilton Beach malt mixer and an aliquot 
portion removed. 
Total solids. Small aluminum pans were dried in an oven, cooled in 
a desiccator, and weighed. An aliquot of potato-ethanol slurry (12 to 13 
grams) was placed in the pans. The pans containing representative slur-
ries were placed in an oven at 158~. for 24 hours and then transferred 
to a va cuum oven at 158~. for 48 hours. The pans were then removed 
from the oven and placed in a desiccator, cooled, weighed, and the per 
cent total solids was calculated. 
Starch. Starch was determined by the method used by McCready, ~ 
al• (31) with the following modifications : 
1. An aliquot (7 to 8 grams) of the potato-ethanol slurry was 
placed in a centrifuge tube and washed with 80 per cent ethanol. 
2. For the determination, J cc of the solution containing the 
starch was made up to 300 cc and 5 cc of this was used for the analysis. 
J. A Bausch and Lomb colorimeter was employed to det ermine the per 
cent of transmis sion. 
Amylose. Amylose was determined by the method developed by McCready, 
~ Ql. (Jl) with the following modifications: 
1. For the determination, 3 cc of sugar-free starch solution was 
us ed. 
2. The per cent transmission of the solutions was obtained with a 
Bausch and Lomb colorimeter . 
). The standard was corn amylose. 
Alcohol insoluble solids. The solids , left after the sugars and 
alcohol soluble materials had been removed with ethanol washings (80 and 
18 
95 per cent), were dried at 158or. for 24 hours in a drying oven and at 
158°F. for 48 hours in a vacuum oven. The tubes were cooled in a desic-
cator, weighed, and the per cent alcohol insoluble solids calculated. 
Reducing sugars. Sugar was determined by the eerie sulfate method 
(19) with the dilutions adjusted for the potato-ethanol slurries. 
pH. The pH of each ethanol slurry was determined with a Beckman pH 
Meter. 
Total acidity. The total acidity was determined by titrating an 
aliquot of each ethanol slurry with 0.1 N NaOH to an end point of pH 
8.1, using a Beckman pH Meter. The total acidity was expressed as cc 
of 0.1 N NaOH per gram of potato. 
Histological. Microscopic studies were conducted by using small 
sections of the fresh tubers obtained with a hand microtome. The sections 
(no stain) were placed on a glass slide with a drop of water and a cover 
slip placed over them. 
Sprouting, sensory quality (flavor) studies, physical, and chemical 
determinations were analyzed for statistical significance (35). 
Name Date 
Score Sample ___ Sample ___ Sample ___ Sample ___ 
9 ....!J.ke ....!J.ke .JJ.ke ..JJ.ke 
Extremely Extremely Extremely Extremely 
8 ..1i,ke ...11,ke .JJ.ke ....!J.ke 
Very Much Very Much Very Much Very Much 
7 ..1i,ke ...11.J<e .JJJ<e _llke 
Moderately Moderately Moderately Moderately 
6 ..1i,ke _llke _llke ...11.J<e 
Slightly Slightly Slightly Slightly 
5 ~ither Like ~ither Like ~ither Like ~ither Like 
Nor Dislike Nor Dislike Nor Dislike Nor Dislike 
4 _!1islike _!1islike 
_!1islike ...Q1.slike 
Slightly Slightly Slightly Slightly 
3 ...Q1.slike .Jl1.slike ...m._slike ...Q1.slike 
Moderately Moderately Hoderately Moderately 
2 ...Q1.slike .Jl1.slike .Jl1.slike ...lli..slike 
Very Much Very Much Very Much Very Much 
...lli,.slike ...lli..slike _m.slike _m.slike 
Extremely Extremely Extremely Extr emely 
C!llllmen:t:§ CQlDI!leD!.§ CQlDI!]l:D!<l! Clll!lm!<Dl<§ 
Directions: Completely encircle the category which best describes your 
reaction to the sample written above the column. Then, 
under Cgmments give your reasons for rating the sa~ple as 
you did. (i .e., Flavor too s trong, etc.) 
Figure 1. Sensory quality appraisal ballot 
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RESULTS AND DISCUSSION 
Preliminary experiments were conducted on carrots (Table 1), table 
beets, turnips, parsnips, and onions (Appendix Table 1) (28) to study 
the effects of gamma radiation on sprout inhibition of these crops. 
Exoeriment I: Effect of Radiation Dose £!!. Sprout 
Inhibition and Sensory Quality of ~ 
The carrots were irradiated to 0, 9.3, 18.6, 37.2, 65.1, and 93.0 
kilorads at 93.0 kilorads per hour at 78~. and stored at 50° and 70°F., 
subsequent to irradiation. 
During the second week of storage after irradiation, an unidenti-
fied black mold appeared on some of the carrots in the 70°F. room. The 
carrots were removed from the cans, and the mold was wiped off the car-
rots and cans. The carrots in both the 50° and 70°F. rooms were packed 
in the cans with moist sand. The surface of the sand was just below the 
growing point of the carrots and was kept mois t by sprinkling with water 
during the remaining storage. A weak solution of mercuric chloride was 
sprinkled on the mold that developed later on some carrots in the 70°F. 
room. The solution did not control the mold on the carrots tested . The 
apical meristem of the carrot is enclosed by the leaf petioles about one-
fourth inch above the shoulder of the carrot. When the tope were removed 
from the carrots, the apical meristem was destroyed, thus resulting in 
several l a t eral sprouts growing from most carrots. 
It is evident from Table 2 that carrots irradiated to 37.2 kilo-
rads and higher did not sprout and only the nonirradiated carrots and 
those irradiated to 9.3 kilorads showed significant growth during the 
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Table 1. Effect of radiation dose on the sprout inhibition of carrots 
Dose 
kilorads Observation 
0 Profuse sprouting 
1.9 Profus e sprouting 
).7 Slightly short sprouts 
7.4 Little growth of sprouts 
14.9 Very little growth of sprouts 
29.8 No sprouting 
59.5 No sprouting 
Table 2. Effect of radiation dose on the length of sprouts of carrots 
when stored at 70or •• subs equent to irradiation and measured 
at 2-week intervals 
A::~:eril.ll:e l!!Dd:h !<! s:r;;rQy:t:s in iD!<D!;:S 
Dose 2 4 6 
kilorads weeks weeks weeks 
0 0.7 }.1 4 . 8 
9.3 0,} 1.1 2.0 
18 .6 0,1 0.2 0.) 
)7.2 o.o o.o o.o 
65.1 o.o o.o a 
93 .0 o.o o.o a 
Standard error of difference for doses 0.} 
within time intervals 
Standard error of difference for time 0.} 
intervals within dose levels 
a. Rotten 
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2-week int ervals between measurements when stored at 70°F. There was a 
sharp decrease in the amount of sprouting of the carrots receiving 9.3 
kilorads and a significant drop at 18.6 kilorads. Some of the carrots 
stored at 70°F. s tarted t o rot after 6 weeks storage and had to be dis-
carded. 
The carrots stored at 50'1' , (Table 3) did not sprout as fast as 
those stored at 70°F. (Table 2), and the carrots stored at 50~. did not 
rot. There was a significant increase in sprout inhibition from the 
c ontrol to the 9,3 kilorads group and from the carrots receiving 9·3 
kilorads to 18.6 kilorads but not from the carrots irradiRted to 18,6 
kilorads and the higher doses (Table 3 and Figure 2). Only the non-
irradiated and the carrots receiving a dose of 9,3 kilorads showed 
significant gro•.th during the 1-month intervals after irradiation be-
tween s prout growth measurements. 
In 3 months storage, there was only one rotten carrot among those 
stored at 50°F, and no mold problem as found in the carrots s tored at 
70°F. 
The wei ght of the carrot sprouts decreased in the same manner as 
t he length of the s prouts. The nonirradiated carrots lost 9 .2 per 
cent of their original weight during the ) months storage but the 
irradiated carrots did not lose any weight. 
The data in Table 4 indicate when the carrots were evaluated for 
quality changes, after 3 months storage, only one sample was scored 
significantly higher than the nonirradia ted carrots. 
The reason for sprout inhibition by radiation has not been defi-
nitely established, but some i deas have been investigated by various 
workers. A breakdown in the process of auxin synthesis rather than the 
auxin has been postulated as the result of work done at the Argonne 
Table ). Effect of radiation dose on the sprout length, weight
0
of 
sprouts, and weight loss of carrots when stored at 50 F., 
subsequent to irradia tion (sprouts were measured at 1-
month intervals) 
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Avera~e len~th of sorouts in inches Weight of Weight loss 
Dose 1 2 3 sprouts of carrots 
kilorads month months months 
"' 
f, 
0 0.7 5·3 9.2 16.4 9.2 
9.3 0.2 0.7 1.7 2.0 o.o 
18.6 0.1 0.2 0.2 0.1 o.o 
37.2 o.o 0.1 0.1 o.o o.o 
65.1 o.o 0.1 0.1 o.o o.o 
93.0 o.o o.o o.o o.o o.o 
4 
s.e. of difference for doses 
within time intervals 0.3 o.4 1.4 
s.e. of difference for time 
intervals ~ithin dose levels 0.) 
Figure 2. E~~eot o~ radiation dose on the sprout inhibition o~ carrots stored ~or 12 weeks at 500f. 
Le~t to right - nonirradiated , 9.3, 18.6 , and 37.2 kilorads 
c; 
Table 4. Effect of radiation dose on flavor of carrots 
when stored at soDr. for 3 months, subsequent 
to irradiation 
Dose 
kilorads 
0 
9.) 
18.6 
37.2 
65.1 
93 .o 
s.e. of difference 
for dose 
Evaluated ) months after 
storage ( so"F.) 
Dislike 
Flavor responses 
score ~ 
6.) 10 
6.4 20 
7.7 0 
6.6 10 
7.0 0 
6.4 )0 
0.4 
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National Laboratory. Ten roentgens of X-radiation were found to inhibit 
the activity of the enzymes converting tryptophan to auxin (27). 
Brownell, ~ al· (6) found varying results in determining the effect of 
gamma radiation on plant growth regulators in potatoes. 
Doses higher than 18 .6 kilorads did not result in additional de-
creases in carrot sprout inhibition that were significant. The dose 
required for complete sprout inhibition under the conditions of this 
experiment was higher than found by Mikaelsen, Brenna, and Roer ()2). 
Experiment II: Effect of Radiation Dose and Radiation Rate 
---- ---- --
~ Snrout Inhibition and Sensory Quality of Carrots 
Carrots for this experiment were irradiated to 0, 27.9, )7.2, 46.5, 
55 . 8 , and 65.1 kilorads at 9.), 5) .0, and 99.5 kilorads per hour at 
78°F., prior to storage at 50° and 70°F. 
The nonir•radiated carrots stored at 70°F. sprouted and continued 
to grow, but none of the irradiated carrots sprouted mor e than one-
eighth inch and these sprouts turned black and did not grow. The car-
rots started to rot after 6 weeks and were discarded from the experi-
ment (Table 5). 
The carrots stored at 50°F. did not sprout as fast as those stored 
at 70°F. and were kept for 3 months (Figure) and 4). During this time, 
95 per cent of the nonirradiated carrots sprouted and continued to grow. 
Thirty-five per cent of the irradiated carrots sprouted and only 4 per 
cent had s~routs longer than one-fourth inch. The sprouting was not 
extensive enough to show differences between the rates of radiation used, 
The carrots sprouted about the same at all 5 dose levels. 
The data in Table 5 indicate t he nonirradiated carrots lost a 
higher per cent of their original weight than the i rradiated carrots. 
The carrots irradiated at 9 . 3 kilorads per hour did not lose as much 
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Table 5. Effect of radiation rate and radiation dose on the sprout 0 length and weight loss of carrots when stored at 50° and 70 F., 
subsequent to irradiation 
Average length of sorouts 
Rate 
kilorads 
0 
0 
53.0 
99-5 
Dose 
kilorads 
0 (7o%.)a 
0 (SOOF.) 
27.9 
37.2 
46.5 
55.8 
65.1 
Mean 
27.9 
37.2 
46.5 
55 . 8 
65.1 
Mean 
27 .9 
)7.2 
46.5 
55.8 
65.1 
Mean 
Dose means 0 
27.9 
)7.2 
46.5 
55.8 
65.1 
1 
month 
2.7 
1.0 
o.o 
0.0 
o .o 
o.o 
0.1 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
0.0 
o .o 
s.e. of difference for rate means 
s.e. of difference for dose means 
2 
months 
b 
4.0 
0.1 
0.1 
0.1 
0.1 
0.1 
o.o 
0.1 
o.o 
0.0 
o.o 
o.o 
0.1 
0.1 
0. 1 
0.1 
in inches 
J 
months 
b 
8.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
o.o 
o.o 
0.1 
o.o 
0.1 
0.1 
0 .1 
0.1 
Weight 
loss 
% 
b 
16.8 
11.5 
3.2 
7-7 
2 .3 
hi 
5...!! 
12.1 
9-7 
12.5 
5-3 
~ 
~ 
7-8 
6.0 
10.1 
13.5 
1M 
hl 
16. 8 
10.4 
6.3 
10.1 
7.0 
6.8 
2.3 
3.0 
a. At 1 month, the comolete sorout inhibition of the irradi3.ted 
(27.9, 37.2, 46.5, 55.8, a~d 65.1 kilorads ~t the rate of 9.), 
5}.0, and 99.5 kilorads) c~rrots "hen stored at 70°F. was observed. 
b. Rotten 
Figure ). 
Figure 4. 
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Effect of radiation dose and storage temperature on the sprout 
inhibition of carrots stored for 6 weeks at 70~. Can at 
left - nonirradiated; can at right - received a radiation dose 
of 27.9 kilorads 
Effect of radiation dose and storage temperature on the sprout 
inhibition of carrots stored for 6 weeks at 50~. Can at 
left - nonirradiated; can at right - received a radiation dose 
of 27.9 kilorads 
weight as the carrots irradi,ted at the higher r ates of 53.0 and 99.5 
kilorads per hour. 
)0 
In the carrots evaluated for sensory quality prior to storage, there 
was an increas e in the acceptability as the rate of radiation increased 
but subsequent to storage there was a decrease in the acceptance as the 
rate of radiation increased (Table 6). As the dose of radiation in-
creased, there was a slight decrease in flavor acceptance of the carrots 
tested before storage but no trend after storage. 
The sprouts did not grow enough at the doses studied to provide in-
formation as to the effect of rates of radiation on sprout growth. There 
is no explanation available for the change storage has on the accepta-
bility of the carrots given different rates of radiation. 
Zxperiment III: Effect of Radiation Dose and Pre-Irradiation Thermal 
Treatments 2!1 ~ Inhibition and Sensory <;uality of Carrots 
Carrots were irradiated to 0, 2.)), 4.65, 9 . )0 , 18 .60, and 37.20 
kilorads at 287.40 kilorads per hour a t 78°F., subsequent to pre-
irradiation ther mal tre~tments of 40°, 80°, and 120°F. for 20 minutes. 
The carrots were given the pre-irradiation thermal treatment with 
the i dea of reducing the radiation dose required t o inhibit s prouting 
but the results did not support this i dea . 
According to data presented in Table 7, it is apparent that the 
growth of the carrot sprouts increased as the temperature of the treat-
ment i ncreased with a significant increase of sprouting from the 40° to 
the 80°F. treatments. However, no significant differenc e was noted from 
the 80° to the 120°F. t reatments. 
Carrots irradiated to 2.33. 4.65, and 9.)0 kilorads and the non-
irradiated carrots showed significant sprout growth during the 1-month 
intervals but the carrots given higher doses did not (Figure 5). 
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Table 6. Effect of radiation rate and radiation dose on the flavor of 
carrots when evaluated 24 to 48 hours after irradiation and 15 
weeks after irradiation, subsequent to storage at soor.a 
Rate 
kilorads 
per hour 
0 
9.J 
5J.O 
99·5 
Dose means 
Dose 
kilorads 
0 
27.9 
J7.2 
46.5 
55.8 
65.1 
Mean 
27.9 
J7.2 
46.5 
55.8 
65.1 
Mean 
27.9 
37.2 
46.5 
55.8 
65.1 
Mean 
0 
27.9 
J7.2 
46.5 
55.8 
65.1 
s.e. of difference 
rate means 
s.e. of difference 
dose means 
Evaluated 24 to 48 hours 
after irradiation 
Flavor 
score 
7.6 
7.2 
8.0 
7·3 
6.0 
Q....1 
2.& 
7.5 
7.3 
7.6 
6.J 
z..!i 
2...1 
0.2 
0.2 
Dislike 
responses 
f, 
J 
10 
0 
0 
20 
20 
0 
0 
0 
10 
0 
0 
0 
10 
0 
0 
Evaluated 15 weeks 
after irradiation 
Dislike 
Flavor responses 
score '!> 
6.2 
6.6 
6.J 
4.6 
7.0 
.5....!±. 
~ 
5.3 
6.2 
4.6 
6.0 
~ 
5.....a 
5.4 
5·9 
5.4 
s.o 
.iJ. 
5.....5. 
6.2 
5.8 
6.1 
4.9 
6.0 
5·5 
0.2 
O.J 
17 
10 
10 
50 
10 
JO 
50 
0 
40 
20 
20 
JO 
20 
40 
40 
40 
a. The detailed analysis of variance is presented in Appendix Table 2. 
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Table 7. Effect of pre-irradiation thermal treatments and radiation dose 
on the sprout inhibition of carrots when stored at 500y. after 
irradiation" 
Temp- Averas;e len~J:th of sorouts in inches 
erature Dose 2 3 4 
"F. kilorads month months months months 
40 0 2.9 13.2 15.7 20.4 
2.3 2.4 10.4 12.1 16.7 
4.7 1.7 4.5 s.s· 6.6 
9.3 1.6 2.4 2.2 1.7 
18.6 0.5 1.2 1.3 1.1 
37.2 ~ ~ 2..1. ~ 
Mean L.i 5.a.!t 2..1 ~ 
80 0 4.3 12.8 15.4 20.1 
2.) ).3 10.4 12.5 17.6 
4.7 3.6 10.2 12.9 17.1 
9-3 1.5 3.8 4.5 6.1 
18.6 1.0 1.7 1.7 1.3 
37.2 2..1. ~ L§. ..L.1 
Mean 2.4 6.8 !h.!. 10,6 
120 0 5.2 15.9 18.5 22.9 
2.) 4,5 10.7 1).7 14.8 
4.7 3.2 10.0 12.5 16.5 
9.3 2.1 4.7 6.2 8.9 
18.6 1.4 2.8 3.0 3.8 
37.2 M L.1 L.1 ....L.Q. 
Mean ~ 2.....2. 2.aZ. 11...1 
Dose means 0 4.1 13.6 16.6 21.1 
2.3 ).4 10.5 12.7 16.4 
4.7 2.8 8,2 10.3 13.4 
9.3 1.7 3.6 4.3 5-6 
18.6 0.9 1.9 2.0 2.0 
:37.2 0,4 1.2 1.2 1.0 
s,e. of difference for temperature 
means within time intervals 1.3 
s.e. of difference for dose means 
within time intervals 1.9 
s.e. of difference for time intervals 
within dose levels 0.6 
a. The detailed analysis of variance is presented in Appendix Table 3. 
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Effect of radiation dose on the sprout inhibition 
of carrots when stored at 50"F. after irradiation 
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As the dose of radiation increased, there was a decrease in the car-
rot sprouting, although, there was not a significant decrease of s prout-
ing when doses over 18.6 kilorads were used. The sprouts on the carrots 
in this experiment ~ere longer than in the first experiment, this may be 
because these carrots were cut above the apical meristem region so there 
were only a few sprouts from each carrot. The pre-irradiation thermal 
treatments resulted in an increase of carrot sprouting as the treatments 
increased in temperature (Figure 6), The weight loss of the carrots in-
creased as the pre-irradiation thermal treatment increased (Table 8), 
There was a higher weight loss of the irradiated carrots at the lower 
doses. The weight of the carrot sprouts chan~ed in the same manner as 
the length of the carrot sprouts, with respect to dose and pre-irradiation 
thermal treatments, 
As shown in Table 9, the carrots given pre-irradiation thermal 
' treatments were tested for sensory quality before storage, and there was 
no significant difference between the treatments. After 4 months 
storage, the 120°F. treatment was not rated as high as the 40° or the 
80°F, treatments. Some significant difference was noted between the 
flavor scores of carrots receiving different doses of radiation but no 
trends before or after storage. 
Previous work (27) indicates that heat treatments would suppress 
the auxin producing system. This would result in a decrease in sprout-
ing rather than an increase as the data in this experiment support, 
Although, the auxin development is suppressed by heat treatments (26), 
the antiauxins are probably suppressed to a greater extent or even de-
stroyed by heat. If the antiauxins are suppressed more than the auxins, 
there may be a balance in favor of the auxins, thereby, increasing the 
growth of the sprouts. 
Figure 6. Effect of pre-irradiation thermal treatments and dose of radiation on the sprout inhibitign of 
cabrots irra~ated to 4.65 kilorads and stored at 50~. for 4 months. Left to right- 40 , 
80 , and 120 F. 
"' \.A 
)6 
. Table 8. Effect of pre-irradiation thermal treatments and radiation dose 
on the weight loss and weight of carrot sprouts when the car-
rots were stored for 4 months at soar. 
Weight loss of Weight of carrot 
Temp- carrots (per sprouts (per 
erature Dose cent of original cent of original 
~. kilorads~ carrot weij:;ht) carrot weie;ht) 
40 0 17.0 11.) 
2.) 2).1 9.2 
4.7 29.9 4.6 
9.) 25.8 0.) 
18.6 12.2 0.1 
)7.2 12.& Q..l 
Mean u.J. !W. 
80 0 20.5 11.6 
2.3 26.9 10.6 
4.7 26.) 10.) 
9.3 24.9 ).2 
18.6 15.4 0.) 
J7.2 '-L!!: Q..1 
Mean ~ 2.& 
120 0 21.7 1).9 
2.) )).1 8.9 
4.7 2).0 10.5 
9.) 27.7 5.4 
18.6 18.9 2.5 
)7.2 ll.& Q..l 
Mean ~ 2...2. 
Dose means 0 19.7 12.2 
2.3 27·7 9.6 
4.7 26.5 8.5 
9.3 26.2 ).0 
18.6 15.5 1.0 
37.2 21.4 0.1 
s.e. of difference for temperature means 2.2 0.3 
s.e. of difference for dose means ).1 1.2 
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Table 9. Effect of pre-irradiation thermal treatments on the flavor of 
carrots when evaluated 24 to 48 hours after irradiation and 
after 4 months storage at 50oy, 
Evaluated 24 to 48 hours Evaluated 4 months 
after irradiation after irradiation 
TemP- Dislike Dislike 
erature Dose Flavor responses Flavor responses 
~. kilorads score 
"' 
score 
"' 
40 0 8.5 0 5.6 40 
2.) 7.4 10 6.1 30 
4.7 7.8 0 3.9 70 
9.3 7.6 0 4.6 60 
18.6 7.) 0 6.4 20 
37.2 l.t..Q. 10 5...t..i 30 
Mean z...Q ~ 
80 0 7.8 0 5.6 20 
2.3 6.7 20 6.) 10 
4.7 7.1 10 4.5 70 
9·3 7.6 10 6.6 10 
18.6 7.8 0 5.1 50 
37.2 z...z. 0 y 6o 
Mean z....i 5...t..i 
120 0 7.8 0 3.9 6o 
2.3 6.7 20 4.1 70 
4.7 8.5 0 4.1 70 
9.3 7.7 0 5.4 30 
18,6 8.2 0 4.7 20 
37.2 ~ 0 ~ 30 
Mean ~ !t.& 
Dose means 0 8.0 5·0 
2.) 6.9 5·5 
4.7 7.8 4.2 
9.3 7.6 5·5 
18.6 7.8 5.4 
:37.2 7·5 5·5 
s.e. of difference for 
temperature means 0.2 0.3 
s.e. of difference for 
dose means 0.2 0.4 
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The data in this experiment are in general agreement with the ex-
periment on the dose r equired for effective sprout inhibition, although, 
the sprouts in this experiment were longer probably because of the dif-
ferent method used for topping which did not destroy the apical ~eristem. 
The difference in the weight loss of the carrots in the three experi-
ments could be due to the different media used for packing. The loss of 
moisture of the carrots increased ~s the media changed from sand to sand-
sawdust to sawdust. k high moisture loss of the carrots in the sawdust 
p~cking, compared with sand, agrees with findings by kldrich (1). 
Experiment IV: Effect of Radiation Dose ~ ~ 
Inhibition and Physical Changes in Potatoes 
Potatoes were irradiated to 0, 4.65, 9.30, and 13,95 kilorads at 
0 0 93.0 kilorads per hour at 78 F. before storage at 50 F. 
The nonirradiated potatoes sprouted profusely, while potatoes 
itradiated to 4.65 kilorads had shorter sprouts. Potatoes receiving 
9.30 kilorads had a few sprouts one-eighth inch but these did not de-
velope. Small secondary tubers were formed on the vines of the non-
irradiated potatoes and the potatoes irradiated to 4.65 kilorads 
(Figures 7 and 8). 
The amount of pressur e required to shear the potatoes decreased as 
the dose of radiation increased (Table 10). 
In this experiment , the dose required to inhibit potato sprouting 
completely is in agreement with other workers (21, 33. 46, 47, and 52). 
The shear- press values indicate that the nonirradiated potatoes 
which sprouted profusely were tough as would be expected. The potatoes 
which received a dose of 9.30 kilorads were still firm and turgid, there-
by, requiring less pressure to shear. 
Previous work (18) has sh~An that increased radiation decreases the 
Figure 7. 
Figure 8. 
Effect of radiation dose on the sprout inhibition of potatoes 
stored for 5 months at 50'7. Left to right - nonirradiated, 
4.65, and 9.30 kilorads 
Effect of radiation dose on the physical structure of potatoes 
stored for 9 months at 50~., sprouts were removed. Left to 
right - 1 = 9.)0 kilorads, 2 = 4.65 kilorads, and J = non-
irradiated 
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Table 10. Effect of radi~tion dose on shear-press values of potato 
tubers when stored at 50or. for 9 months after irradiation 
Pressure in oounds 
Dose Sample Sample Sample 
40 
kilorads I II III Means 
0 1240 1210 830 1093 
4.65 990 920 1100 1003 
9.30 890 810 870 857 
s.e. of difference for dose means 118 
pressure required to shear asparagus. 
Experiment V: Effect of Radiation Dose ~ Physical, 
Chemical, ~ His~ological ChanGes in Potatoes 
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Russet Burbank potatoes were irradiated at 78°F. to 0, 0.93, 1.86, 
3.72, 7.44, 9.10, 18 .60, and 37.20 megarads at the rate of 0.93 megarads 
per hour. 
The potatoes became progressively softer and darker as the dose of 
radiation increased, and the potatoes irradiated to 37.2 megarads were 
mushy. The physical appearance of the dehydrated potato slurry, made 
with 95 per cent ethanol, chang ed as the dose of radiation increased. 
From the nonirradiated to the potatoes irradiated to 3.72 megarads, the 
dehydrated potato slurry appeared as one light colored chip, at 7.44 and 
9.30 megarads, the chip was broken and darker in color. At 18.60 and 
37.20 megarads, the dehydrated slurry was dark and adhered to the drying 
pen (Figure 9). This pigment development may be attributed to the con-
densation of soluble nitrogenous and sugar fractions or probably the 
carmelization of sugars or perhaps the catly,tic effect of certain 
components on the process of condensation or carmelization or both at 
the high (over 7.44 megarads) doses of radiation. 
The chemical analyses of the irradiated potato slurries indicate 
that the total solids, total starch, alcohol insoluble solids, and 
total acidity increased, and amylose and the pH decreased as the dose 
of radiation advanced, while the content of reducing sugars did not 
change (Table 11). 
The potatoes were irradiated to the high doses to determine if 
there was a conversion of starch to sugar. If the conversion of starch 
to sugar was high, cull potatoes couid be irradiated and serve as a 
source of sugar. 
Figure ') . Effect of radiation dose on the physical structure of dehydrated slurries of potatoes, dehydrated 
for 72 hours at 158~. 1 = nopirradiated, 2 ~ 0.93, 3 = 1.86, 4 = 3.72, 5 = 7.44, 6 = 9.30, 
7 = 18.6o. and 8 = 37.20 megarads t; 
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Table 11. Effect of the radiation dose on certain chemical changes 
in potato tubersa 
Alcohol 
Total insoluble Reducing Total 
Dose solids Starch Amylose solids suJars pH acidity 
me!:iarads %> % % 
" 0 21.55 14.)4 5.28 19.26 1.39 6.52 0.)6 
0.9) 20.3) 13.41 5.09 18. 29 1.15 6.25 0.48 
1.86 22.79 16.)9 5.65 21.01 1.)4 6.17 0.45 
3.72 22.)3 15.51 5.12 20.24 1.47 6.10 0.46 
7.44 22.66 16.0) 4.)8 20.61 1. 29 6.05 0.46 
9.)0 21.59 15. 24 ).99 19. 27 1.41 5.94 0.50 
18.6o 25 .70 19.12 3.46 2).08 1.24 s.67 0.55 
37.20 24.8) 17.70 1.74 21.52 1.17 5.45 0 .67 
s.e. of 0.60 0.76 0.)4 0.71 0.14 o.os 0.0) 
difference 
a. The detailed analysis of variance is presented in Appendix Tables 4 
and 5. 
The potatoes were not t ested for specific gravity before being se-
l ected for radiation, therefore, it was not known if the starch content 
was identical in all the potatoes used. In this experiment, the potatoes 
irradiated to high doses had more starch than in the nonirradiated. The 
content of reducing sugars di4 not change significantly, which is in 
disagreement with Roberts (43) who found a decrease in starch and an in-
crease in sugars, as the dose of radiation (high energy cathode rays) 
advanced. The results do not support the idea of using potatoes as a 
source of sugar as previously suggested. 
As the dose of radiation increased over ).72 megarads, the cells of 
the potato tubers were separating from ~ach other (Figure 10), which may 
be the result of the degradation of the components (mainly calcium 
pectate) of the middle lamellae. This concurs with the findings of 
Salunkhe (44). Radiation perhaps made the cell walls rather rubbery, 
thereby, preventing the cell walls from breaking easily and liberating 
the starch grains. The starch grains of nonirradiated potato tubers had 
intact lamellae (Figure 11), but the lamellae of the starch grains of 
potato tubers irradiated to ?.44 megarads were loose and starting to 
separate (Figure 12). These results in general follow the pattern of 
observations of Roberts (4)). In addition, the progressive distortion 
on the surface of s tarch grains occurred as the dose of radiation ad-
vanced over ?.44 megarads. 
Figure 10 . 
Figure 11. 
Figure 12. 
Separation of cells of irradiated (over 3.72 megarads) 
tubers of potatoes 
Starch grains of nonirradiated tubers of potatoes 
(note - lamellae intact) 
Starch grains of irradiated (?.44 megarads) tubers of 
potatoes (note - loose lamellae and distortions on the 
surface of the starch grains) 
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SUMMARY AND CONCLUSIONS 
Experiments were conducted to study effects of gamma radiation 
(dose and rate) and pre-irradiation thermal treatments on morphological, 
chemical, histological, and sensory quality changes in carrots and 
potatoes. The results and observations are summarized below. 
Horphological 
In general, the radiation doses 9.30 kilorads for potatoes (variety 
Russet Burbank) and 18.6 kilorads inhibited the sprouting of carrots for 
practical purpos es. Doses over these did not result in additional 
significant decreases of sprouting. 
There was no significant difference in the effect of radiation rate 
on carrot s prouting at the doses studied. The length and ~eight of the 
carrot sprouts increased as the pre-irradiation thermal treatments in-
creased from 40° to 80° to 120Dr. 
Chemical 
In general, the chemical analyses of the irradiated potato slurries 
indicated that the total solids, total starch, alcohol insoluble s olids, 
and total acidity increased, and the amylose content and pH values de-
creased as the dose of radiation increased while the amount of reducing 
sugars remained fairly constant. 
Histological 
The cells of potato tubers, when irradiated over 3.72 megarads, 
were separating from each other. The starch grai ns of irradiated 
potatoes (7.44 megarads) had loose lamellae separating from each other 
and also had ramifications on the surface of the starch grains. 
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Sensory~ 
The dose of radiation and pre-irradiation thermal treatments did 
not result in any definite trends in carrots tested for sensory quality 
changes. As the rate of radiation increased, the sensory quality scores 
for the carrots increased when evaluated prior to storage. Subsequent 
to storage (50°F. for J months), the sensory quality changes of the car-
rots decreased as the rate of radiation increased, 
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Appendix Table 1. Effect of radiation dose on the sprout inhibition of beets, turnips, parsnips, and onions 
Dose 
kilorads Beets TurniE:! ParsniEs Onions 
0 Profuse sprouting Profuse sprouting Profuse sprouting Profuse sprouting 
4.65 Slightly short sprouts Profuse sprouting Profuse sprouting Profuse sprouting 
9.30 Little gro~h of sprouts Slightly short sprouts Slightly short sprouts Profuse sprouting 
13.95 Little growth of sprouts Slightly short sprouts Slightly short sprouts Profuse sprouting 
18.6o Little growth of sprouts Slightly short sprouts Little growth of sprouts a 
23.25 Little growth of sprouts Little growth of sprouts a a 
27.90 Little growth of sprouts a a a 
a. No observations at this dose 
"' \.>) 
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Appendix Table 2 . Analysis of variance for the effect of radiation rate 
~nd radiation dose on the flavor of carrots when 
evaluated 24 to 48 hours after irradiation and 15 
weeks after irradiation. subsequent to storaLe at 
50Df. a 
Evaluated 24 to Evaluated 15 
48 hours after weeks after 
Degrees irr .. diation irradiation 
of iiean Mean 
Source freedom sguare F sguare F 
Total 179 
Replications 9 8.6426 0.01 5.8549 0.01 
Treatments 15 3 .8)00 0.01 5.2256 0.01 
Dose 4 5.3567 0.01 ?.54)) 0.01 
Linear 1 10.08)) 0.01 1.))3) NS 
Quadratic 1 0.8595 NS 0.9524 NS 
Regression 2 5.2420 0.01 13 .94)8 0.01 
Rate 2 5.1800 0.01 4.8467 NS 
Linear 10.2400 0.01 9.6100 0.05 
Regression 0.1200 NS 0.08)3 NS 
Dose x Rate 8 2.8467 0.01 3 .?6)) o.os 
Error 155 0.914) 1. 7592 
a. Reference to Table 6 
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AppendiX Table 3. Analysis of variance for the effects of pre-
irradiation thermal treatments and radiation dose 
on the sprout inhibition of carrotsa 
Degrees Sprout length 
of Mean 
Source freedom square F 
Total 14) 
Dose 5 666.2565 0.01 
Linear 1 ))16.9918 0.01 
Quadratic 1 4.0848 NS 
Cubic 1 41.8806 NS 
Regression 2 34.1626 NS 
Temperature 2 75.7509 0.01 
Linear 144.6240 0.01 
Quadratic 6.8777 NS 
Dose x Temperature 10 15.2106 NS 
Error (a) 18 10.)572 
Time 3 377.9077 0.01 
Linear 1 1061.1574 0.01 
Quadratic 1 46.oo46 0.01 
Cubic 1 26.5612 0.01 
Dose x Time 15 49.4879 0.01 
Dr.TL 1 668.1697 o.o1 
Dr, TQ 1 20.2708 0.01 
Dr. Tc 1 16.4129 0.01 
DQ TL 1 8.1958 o.o1 
DQ TQ 1 4.1915 NS 
Regression 10 2.5077 NS 
Temperature x Time 6 3.2831 0.05 
TL TL 1 16.4391 o.o1 
TL TQ 1 2.)070 NS 
Regression 4 0.2)81 NS 
Error (b) 84 1.4089 
a. Reference to Table 7 
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Appendix Table 4. Analysis of variance for the effects of the radiation 
dose on certain chemical changes in potato tubersa 
Total 
Degrees s·olids Starch ~lose 
of Mean Mean Mean 
Source freedom sguare F sguare F sguare F 
Total ) 1 
Dose 7 12.5146 o. o1 11 .0418 0.01 6.5)57 o.o1 
Linear 1 51.4)26 0.01 )5.8356 o.o1 4).6714 0.01 
Regression 6 6.0282 0.05 6.9096 0.01 0. )468 NS 
Error 24 1.7257 1.1508 0.2284 
a. Reference to Table 11 
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Appendix Table 5, Analysis of variance for the effects of the radia~ion 
dose on certain chemical changes in potato tubers 
Alcohol 
insoluble Reducing Total 
Degrees solids sus;ars l2!! aciditl 
of Mean Mean Mean Mean 
Source freed0111 sguare F sguare F sguare F sguare F 
Total 31 
Dose 7 9.0707 0,01 0.0533 0.01 0,4481 0.01 0.0305 0.01 
Linear 1 23.2871 0.01 0.0957 0.01 2.6805 0.01 0.1868 0.01 
Regression 6 6.7013 0.01 0.0463 0,01 0.0760 0,01 0.0044 0.05 
Error 24 1.0039 0,0059 0.0043 0.0014 
a. Reference to Table 11 
